The evaluation of drugs is a professional and time consuming process which involves a series of clinical trials and evidence-based verifications. However, an innovative drug may still suffer from unpredictable risks after coming into market due to the complex circumstances in practical utilization. Owing to the popularization of information networks and social media, big data analytics exhibits a new perspective of social evaluation as the supplementary means on this issue. This paper designed a Hadoop platform for data collection and processing, and explored the social evaluation of innovative drugs based on big data analytics. Through the analysis of mined data and affective computing on online comments, a new Chinese drug extracted from marine organisms can be evaluated comprehensively by the proposed method. Furthermore, the potential utilization of fullerene materials may be considered for improving its curative effects. Research work of this paper provides a big data analytics method for social evaluation of innovative drugs as well as their promising improvements.
Introduction
The full evaluation of drugs includes pre-marketing evaluation and post-marketing evaluation. In pre-marketing evaluation, an innovative drug has to pass IND(Investigational New Drug) and NDA(New Drug Application) procedures before it can be approved of coming into market. It is a professional and time consuming process, for example, the median time of a standard review is 384 days on IND, and 846 days on NDA by China Food and Drug Administration [30] . Although the above evaluation is based on a series of clinical trials and evidence-based verifications, but there are probably some unpredictable risks which may cause serious adverse reactions for an innovative drug in practical utilization [5] [25] Therefore, post-marketing evaluation is the necessary and vital part in a full evaluation of innovative drugs.
As we known, current post-marketing evaluation of innovative drugs is mainly based on the statistical analysis of investigated samples or depends on special reporting channels such as the reporting system of health care institutions [25] . Nevertheless, a lot of disadvantages have been found in the existing method, such as limited samples, poor timeliness, inefficiency and the influence of uncertainty factors [2] . Actually, the practical curative effects and adverse reactions of drugs are mostly related to patients' individual conditions, living habits, and environmental factors. Especially for Chinese drugs, a reliable evaluation usually requires the comprehensive reviews from complex circumstances because there are important differences in different cases. It is difficult to be implemented through the current evaluation system.
Owing to the development of information technology and popularization of mobile applications, more and more people share their experiences of daily life by social media, such as shopping, tourism, medical treatment, and so on. In the meantime, the network of social media has appeared as a new platform and provides the valuable repository for scientific research and social study. As one of the most popular topics on social networks, health care and medical treatment attracts extensive concerns, and thereupon expedites the flourishing of various medical and health forums. The valuable information about innovative drugs in practical utilization can be mined from multifarious online comments and posts on the above forums through big data analysis. Therefore, big data analytics exhibits a new perspective of social evaluation of innovative drugs, which can be applied as the supplementary means to post-marketing evaluation. This paper aims to propose a Hadoop platform for data collection and processing from social media, and explore the social evaluation of innovative drugs based on big data analytics. It is organized as follows: Section 2 introduces the related works; Section 3 designs a Hadoop platform and studies the big data analytics from social media; Section 4 proposes the social evaluation method of innovative drugs; and Section 5 is the discussion and conclusion of this paper.
Related works
In recent years, big data analytics has been successfully applied in various fields such as financial markets, social management, production and manufacturing, as well as precision medicine, and shows superiorities over traditional methods in many aspects. In modern medicine and pharmacy, the classification of drugs is becoming more complicated than before, beyond the limitations to diseases or symptoms. As well, the ingredients of drugs are no longer invariants [25] . Those circumstances bring new difficulties and risks on the evaluation of innovative drugs.
Generally speaking, the evaluation of an innovative drug is based on a series of clinical trials and the comprehensive reviews on its effects [2] [24] . For example, the test of drug allergy is carried out on extracts of natural drugs [11] , and pharmacodynamic test is used for the evaluation of genetic engineering products [10] . However, the innovative drugs may still suffer from unpredictable risks after coming into market, and should be evaluated comprehensively through a professional and time consuming process. In recent years, the outbreak of new epidemic diseases such as influenza A (H1N1) has made the evaluation of innovative drugs faced with great challenges. In order to cope with this problem, many solutions have been proposed, one of which is the big data analytics. Up to now, many achievements have been made with the help of big data analytics [18] [27] . It also provides a new research methodology in medical and health fields, such as the analysis of diabetes cases, the study of regional characteristics of infectious diseases, the mining of disease causing factors, and so on. Zhu et al. summarized the research status and progress on the data mining of DNA sequence, and pointed out its significance in biological application [35] . Yue et al. applied data mining technology to study the classification of DNA sequences, and proposed a new judgment method to explore their classifications [33] . Li designed a health risk model for the assessment of Chinese people from the analysis of big data [16] . Karaolis et al. developed a data mining system to study the pathogenic factors of heart disease using association analysis algorithm [12] . Chang et al. adopted artificial neural networks to predict the outcome in the diagnosis of Parkinson's disease [3] . Dreiseit et al. proposed an improved method which combined artificial neural networks with regression analysis and decision tree to estimate the mortality in diseases [7] .
In regard to big data analytics of health and medical information from social media, Zhou et al. used machine learning techniques to realize the automatic retrieval of online text information, and established a social medical terminology dictionary [34] . Ye et al. built a corpus of Chinese medicine, and studied the social evaluation of Chinese medicines in United States from the news reports and social media. Their research showed the social trend of increasing interest and attentions to Chinese medicines by American society and people [31] . Sampathkumar et al. applied Hidden Markov Model to analyze the adverse drug reactions based on the information of online healthcare forums, and provided an effective method for early warning of pharmacovigilance [21] . Existing research findings have indicated that the social evaluation of innovative drugs based on big data analytics can timely reveal the underlying influences and undiscovered effects of the above drugs from patients' feeling and their comments, which are hard to be reflected in the regular post-marketing evaluation.
Hadoop platform for data collection and processing
Through an analysis of the related works, we found that affective computing on text information is the useful big data analytics for the study of online comments [1] [8] [32] .In order to establish the big data environment for social evaluation of innovative drugs, we designed a Hadoop platform [14] to complete the data collection and processing, which can efficiently implement subject extraction and sentiment analysis from online comments. Its framework is designed as in Fig.1 .
It includes three layers namely information collecting layer, data storage layer and business analysis layer. Firstly, the related text information are collected by web crawlers and sent to the text server group for preprocessing in information collecting layer. Secondly, the above data will be stored in MapReduce and HDFS in the data storage layer through the interface of HDFS [9] . Finally, text subject extraction, sentiment analysis, and other data analysis will be carried out in the business analysis layer, and all of data changes are executed by calling the data interface system such as HDFS and Hive.
Run mechanism for big data collection and processing
As big data analytics for social evaluation involves the collection and processing of enormous unstructured data from social media, it is necessary to design an efficient run mechanism carefully for dealing with the data. Hadoop platform has good capacity of distributed storage and parallel co-processing. However, its performance depends on the design of an effective run mechanism [22] . The platform includes three main components: master node, client node, and slave cluster, all of which coordinate with each other through the run mechanism to accomplish tasks. In our solution, we designed the run mechanism for big data collection and processing as in Fig. 2 .
It can be seen from Fig.2 , the Master Node is responsible for job management and resource scheduling, and slave cluster includes a lot of map tasks or reduce tasks for dividing sentiment words, subject extraction and so on. The above run mechanism can be described as follows.
Running mechanism. The running mechanism for data processing includes the following steps.
Step 1. Job submission, Firstly, the client node of the Mapreduce start a JobClient, and send a job with request ID to the JobTracker in Master Node by the JobClient, such as the job of dividing sentiment words.
Step 2. Job initialization, JobTracker puts the job into an internal queue, and hand over the scheduler job for scheduling, and then complete its initialization.
Step 3. Assignment of tasks, JobClient creates the corresponding number of Map tasks and Reduce tasks according to the number of input data, and assigns the Map task and Reduce task to the TaskTracker node in the Slave node. Fig. 2 . The run mechanism for big data collection and processing
Step 4. Perform tasks, The TaskTracker node reads the input data stored on the HDFS, at the same time, the TaskRunner task will be created by MapTask and RedcueTask respectively, and the above two tasks will run until the end of task.
In the Hadoop platform, HDFS is responsible for the distributed storage of files in Hadoop cluster, which contains three major parts namely NameNode, DataNode, and Client.
NameNode. It acts as the management role in HDFS and is used to provide a name query service. It is responsible for managing the namespace of the file system, backup and the configuration of the cluster. In addition, the Metadata information stored in NameNode will be loaded into the memory after the NameNode starts.
DataNode. It is the basic unit of file storage, mainly used to save the information block, and will report to NameNode block when the DataNode thread is started, at the same time, it send a heartbeat in every fixed seconds to keep in touch with NameNode. Once NameNode hasnt received heartbeat within a fixed minutes, it means that the DataNode has been lost, and its block should be copied to the other DataNode.
Client. It is a client application to get files in distributed file system, which includes write file, read file and copy file block. The process of read file as follows. Client sends a request to the NameNode to read the file, and the NameNode return the address information of the DataNode that hold the data block, and then the Client calls the read() function to read data from the DataNode. When the Client data read is completed, it will call the close function FSDatalnputStream(). In the process of data reading, if Client and DataNode communication are errors, then Client tries to connect to the next data node. At the same time, the failure of the DataNode will be recorded.
MapReduce. It is responsible for the decomposition of tasks and the summary of the results. The tasks are distributed and completed by each individual node, and all the above nodes belong to a master node, and the final results come from each node through an integration of their intermediate results. The running mechanism of MapReduce is shown as in Fig. 3 .
Map Task
Order Reduce Task Merge Fig. 3 . The processing of the MapReduce It can be seen from Fig.3 , the mechanism of MapReduce include the map and reduce of tasks. In the process of map, data will be split into <key, value> according to the definition of Map function, and will be merged after completing the reduce tasks. It's worthy of mentioning that the Map process and Reduce process can run in parallel.
Stage of Map Stage of Reduce
Task execution. The algorithm of task execution can be described as follows.
program Execution of task (Output) Init analysis task and hive database connection pool tp; begin (1) Get the connection from the hive database connection tool; (2) Connect to Hive, read the task of HQL, and send HQL query request to Hive; (3) Hive compiles and executes HQL, returns the execution result; (4) Write the result to local file and upload to HDFS path which is assigned by the analysis task; 
Data analytics for social evaluation
The information about practical utilization of innovative drugs are scattered on microblogs or healthcare forums such as http://www.dxy.com, tieba.baidu.com, 91160.com, and so on in China. The above information are all unstructured texts, for example, the questions and answers, comments on the treatment of a disease or the curative effects of a drug, which are from the patients, family members, and doctors, and usually contain valuable information to be used for social evaluation.
The data analytics for social evaluation of innovative drugs includes text classification and affective computation. The purpose of text classification is to separate and keep the subjective text information for affective computation. It is realized by the subject extraction with a LDA model and the classification based on SVM (Support vector machine) and Bayes classifier. The purpose of affective computation is to calculate the trend and intensity of the above subjective text information for social evaluation. It is realized based on an emotional dictionary, and will be discussed in Section 4 of this paper. The outlined process of data analytics is shown as in Fig. 4 .
It can be seen from Fig.4 that the data will be collected from various related websites by crawlers and preprocessed by filter and subject extraction. The specialized subjects will be extracted by LDA algorithm, and then classified by SVM and Bayes classifiers. If it is a subjective text, the affective intensity will be calculated for social evaluation. Otherwise, if it is an objective text, this text will not be processed.
LDA model. In order to extract the related subjects more efficiently, we used LDA model to fulfill this task. LDA model is also called the three layers Bayesian probability model, which includes the layers if words, subjects, and document structures. We hereby divide the above layers into: words, probable subject, and document sets. The matrix model of LDA can be shown in Fig.5 [6] .
In Fig. 5 , SE refers to the all of social evaluations on innovative drugs, and φ refers to the probability distribution of each subject on all terms. Θ expresses the subject distribution of each social evaluation. d m is the m social evaluation, and w n is the word of n term, and z k is the k implicit subject.
In order to obtain the appropriate parameters of LDA model, the preprocessing data are used for training by the following steps:
Step 1. Initialization, randomly assign a subject number z to each of word w from prepared data. Generally, set α is 50/N theme , where, N theme is the number of subject, and β is 0.01.
Step 2. According to the Gibbs Sampling algorithm, collect the subject z from the set of word w, and update this set. Step 3. Repeat step 2 until Gibbs Sampling converges, that is to say, both subject distribution of each comment and word items of each subject are all convergence. After that, the probability distribution function is calculated as follows [19] .
In 2, the probability distribution of subject-topic vector can be described as follows.
As well, the probability distribution of subject-word can be described as follows.
Step 4. Calculate the co-occurrence frequency matrix of document-subject-word, and construct the LDA model.
Classified by SVM. Support vector machine (SVM) is a statistical machine learning classification method based on VC dimension theory and structural risk minimization principle. It has been widely used in affective computing on texts and vocal recognition for its superior performance on classification [4] [23] . The classification method of subjective or objective comments by SVM is shown as in Fig. 6 . The classification algorithm can be described as follows. Set {x i , y i } n i=1 as the set of data sample, where the input data x i belongs R d , and the output data y i ∈ (-1,1) , then the linear discriminant function in d space is f (x) = ω · x + b, and the classification hyperplane equation is ω · x + b = 0. So the method of SVM in a high dimensional space can be described as:
Normalization
Here, ω is the weight, and input x i is the high dimensional space, b is the error constant, Therefore , the computation of the optimal classification can be converted into dual problem as long as the Lagrange optimization method is used. And the optimal classification function can be expressed as follows
Where, b * is the threshold of classification, K(x i , X) is kernel function and it was used the four forms as follows. RBF kernel function:
Linear kernel function:
Polynomial kernel function:
Sigmod kernel function:
Here, the RBF kernel function was used in the SVM in our study.
Evaluation method based on big data analytics
As pointed out in this paper, the goal of social evaluation is to provide supplementary information for the comprehensive review on innovative drugs, and makes up the defects of a regular post-marketing evaluation. Therefore, the main role of big data analytics is reflected in the two aspects: new findings of the drug in practical utilization, and feeling and experiences of the drug in practical utilization. It has caused the researchers' attentions that the patients' emotional expressions about a drug possibly indicate its underlying influences and undiscovered effects, as well as the market value. We use affective computing technology to calculate the trend and intensity of emotions from the subjective texts. The above computation is realized based on the emotional dictionary developed by Prof. Lin et al [28] , which includes 27,466 emotional words and divided into seven basic categories. At the same time, the collection rules of data should be built in order to get better results.
Collection rules and word frequency calculation
Collection rules. The valid data can be used for social evaluation should include the complete items: title, content, date of publication, and replying posts. Besides, the data promulgator must be identified, such as patient, family member, or doctor. Table 1 lists the samples of collection data. 
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· · · · · · · · · · · · · · · · · · Part-of-Speech. The segmentation methods for Chinese words commonly include forward maximum matching method [29] , bidirectional maximum matching method [26] and reverse maximum matching method [20] . We adopted the NLPIR segmentation system [15] for word segmentation and extended it with the POS tagging. Therefore, each word is assigned by a Part-of-Speech as the samples shown in Table 2 . In the processing of word segmentation, if a word is not included in the dictionary, it can't be identified, and should be added to the dictionary by manual. For example, 'Butylphthalide is good for the disease', in which the word of 'Butylphthalide' can't be found in the dictionary, and needs to be added to the dictionary. After processing of segmentation, the online comments still contain a lot of useless words, such as pronouns, prepositions, determiners, auxiliary, conjunctions, interjections and onomatopoeic words. The above words can't help to extract subjects, but maybe reduce the calculation efficiency of LDA model, and need to be filtered out.
Word frequency calculation. Word frequency calculation is ready for affective computation and evaluation, and fulfilled by the parallel computing on Hadoop platform. Firstly, the type of input and output are built to class Mapper(), and their expressions are as follows: input type is <Object, Text>, and the output type is <Text, IntWritable>. If a task comes up, parallel computing is performed by calling the processes of Map() and Reduce() to complete the word frequency calculation. For example, Fig. 7 shows the word frequency calculation about the comments on fullerene materials. Fig. 7 . Word frequency based on parallel computing of MapReduce It can be seen from Fig.7 , there are three tasks about the comments on fullerene materials in the Input of Map, and one task in Reduce. The above three text sections are independently assigned to three map tasks for processing firstly, and then the expression will be transformed into <'word', count value> by the specific function in intermediate process of Output in Map. Among which, count value refers to the total number of a certain word in the text section. Thereafter, the values will be used as input to the Reduce task, and the Reduce task will complete the computation of the total number of occurrences of each word. Finally, the three text sections will be merged into, and output the expression <'word', count value>, such as <immunity, 2> in the case about fullerene materials.
Subject extraction from online social media
After text preprocessing, the vocabulary dictionary needs to be built as input files for LDA model. In our research, the vocabulary dictionary has more than ten thousand words. Generally speaking, the parameters of the model must be initialized. Here, we set the initial value of the subject number to 5 according to the existing experiences [17] . As well, we set α equals ten, β is 0.01, and the number of iterations for Gibbs sampling is 2000.
After 2000 iterations of Gibbs sampling, we can get the optimal extraction of the feature words on the five topics. Furthermore, five keywords are extracted respectively on each topic, and the distributions of the above keywords on each topic are shown as in Table 3 . It can be seen from Table 3 that promulgators on social media pay more attentions to the above five types of subjects. The first subject is 'Effect description', which includes words such as comfortable, anticancer, and so on. At the same time, the other subjects have also been extracted. In addition, the number in the bracket of each word indicates the contribution of the word to this subject.
Emotional intensity analysis
To facilitate the evaluation, we divide the intensity of emotion into five levels, and assign to the value of 1, 3, 5, 7, and 9 respectively according to previous research [28] . As well, the emotional tendency is also assigned a polarity value. The positive tendency is expressed as 1, and the negative tendency is expressed as -1. The neutral tendency is expressed by 0. After quantized by the above values, the emotions becomes easy to be identified.
Based on big data analytics, we studied the social evaluations of a marine biological medicine and the fullerene materials, which have been reported as with significant curative effects and promising potentials for the treatment of tumors. With the rapid development of ocean resources, marine biological medicine has caused great interest by the developers of innovative drugs due to its natural and special bioactivity. 'Haishengsu', an innovative Chinese drugs extracted from marine organisms, was developed in recent years, and the clinical trials reported its significant anti-tumor effects. This innovative drugs was approved of coming into market in 2013. The emotional tendency and intensity about fullerene materials and 'Haishengsu' are shown as in Table 4 . · · · · · · · · · · · · It can be seen from Table 4 , the value of the emotional tendency include three values (-1, 0, 1). From the value of 1, for example, we can deduce that fullerene has the positive function to increase resistance. The value of 0 means it is not associated with weight loss. As well, 'Haishengsu' has significant anti-tumor effects, and can restrain Heptocellular. However, its effects on physiological balance obtained a weak negative evaluation. The above studies show that social evaluations based on big data analytics may offer supplementary information about the innovative drugs in their practical utilization. It is very helpful for taking a comprehensive review on the innovative drugs, as well as for the improvement of the above drugs. Furthermore, the correlative analysis of evaluations indicates that curative effects of 'Haishengsu' are expected to be promisingly improved if combined with the utilization of fullerene. Therefore, big data analytics exhibits a new perspective of not only the new method for social evaluation of innovative drugs, but also the valuable information for promising development and application of the above drugs.
Discussion and Conclusion
Innovative drugs play the important role on promoting the progress of medicine and medical treatments. However, the traditional evaluation method of innovative drugs is a time consuming process, and has a lot of defects such as limited samples, poor timeliness, inefficiency, and the influence of uncertainty factors, especially in the face of sudden outbreak of diseases [13] .
This paper designed a Hadoop platform and explored the social evaluation method of innovative drugs based on big data analytics. It aimed to provide the supplementary information for a comprehensive review on innovative drugs, as well as to make up the defects of a regular post-marketing evaluation. The main role of big data analytics is reflected in the following two aspects: new findings of the drug in practical utilization, and feeling and experiences of the drug in practical utilization. Research work of this paper provides a big data analytics method for the evaluation of innovative drugs, and as well, the valuable information for improving their promising development and application.
From the perspective of future research, more data sources such as geography and weather information, historical information about the process of treatments, and the accurate analysis methods such as logical reasoning and meta analysis, may be considered in big data analytics for improving the precision of evaluations and providing more valuable details. In addition, how to use artificial intelligence to enhance the intelligent analysis ability is of great significance in the future researches.
